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Data-capturing consistency of two trans-tibial casting concepts, using a manikin stump model: a comparison 
between the hands-on PTB and hands-off ICECAST compact™ concepts. 
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Introduction:   
The quality of prosthetic socket fit is of paramount 
importance to successful rehabilitation.  This cannot be 
achieved without a reliable manufacturing process.   The 
vital first stage in this process is the capture of stump 
shape data.  
 
A theoretical basis of trans-tibial socket shape, in 
relation to stump characteristics, was developed by 
Radcliffe (1961) and later refined by Klasson (1997). 
This advocated a shape optimisation process aimed at 
achieving an ideal pressure distribution and effective 
coupling between stump and socket during normal use.  
There is limited evidence based research to validate 
these theories.  A prerequisite to this is an 
understanding of the consistency of the socket 
manufacturing process. Casting consistency, and 
subsequent socket shape, has not previously been 
quantified. This study will report on the relative 
consistency of “hands-on” and “hands-off” casting 
concepts. 
 
The establishment of a reference grid in relation to the 
tibia is of fundamental importance in quantifying 
casting variations. This cannot be achieved 
mechanically using a living patient as the underlying 
skeleton is not accessible. To overcome this obstacle a 
manikin stump model was built. 
 
It was also necessary to find a way to transfer this 
reference grid from the bone to the negative cast and 
from the cast to the plaster positive model. For this 
study the following steps were taken: 
- the development of a manikin model with a 
transferable reference grid in the form of an 
abutment/adapter configuration. (bone to cast) 
- the development of a transfer rig, where the reference 
grid was transferred to a hexagonal holding pole. This 
pole was required for surface scanning purposes to 
quantify casting variations. (cast to model). 
 
Method: 
A purpose designed stump model comprising an 
anatomically correct skeleton, soft tissue in the form of 
gel and a silicone skin was developed and 
manufactured. Five casts with a common reference axis 
were produced for each of the concepts, ten in total. 
Surface scanning was performed by a validated purpose 
designed digitiser. A pre-programmed routine, allowed 
point data collection at 5º intervals for a single 360º 
circumferential scan. (72 points per revolution). This 
was repeated at 13 axial levels with 10mm spacing. 
Scanning was performed on the surface of the plaster 
model in a region where there was significant 
interference during the casting procedure as result of the 
hand position and subsequent soft tissue manipulation 
during curing of the plaster wrap cast. See fig 1. Data 
results were exported to a mathematical software 
program for data manipulation and visualisation. The 
casting consistency of each concept was assessed from 
the standard deviation (SD) of the radial measurements 
of the ten models at 72 circumferential locations at each 
of the thirteen pre-determined axial levels. 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                              
 
                               Fig 1. 
 
Results and Conclusions 
The manikin abutment/adapter set-up was validated for 
accuracy and was found to be in the order of ± 0.15 mm. 
The transfer rig allowed placement of a hexagonal 
holding pole to an accuracy of ± 0.10 mm. The adapter 
could be positioned on the transfer rig with an accuracy 
of ± 0.10 mm. The digitiser was calibrated and validated 
with an accuracy of ± 0.003 mm. Statistical comparison 
of the average variance of the hand-on and hands-off 
data, using a 5 percent level of significance, indicated 
that the data was significantly different; the hands-off 
concept produced more consistent results than the 
hands-on concept. 
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